The investigation of a few hydrological processes under natural conditions can be distorted by their interactions. In this context, a laboratory system that allows a few mechanisms of the infiltration process to be studied univocally is presented. The core component of the system is a physical model consisting of a soil tank with slope angle, γ, adjustable from 1 W to 15 W . A generator of artificial rainfall can produce rainfall rates up to 50 mm h À1 . Surface runoff and deep flow, Q d , are continuously monitored. An overall analysis of three previous investigations performed by the physical system and directed to clarify the infiltration process is also briefly reported. These investigations, that concerned the validation of a local conceptual model for erratic rainfalls, the role of run-on and the effects of sloping soil surfaces, were all carried out by using different configurations of the system.
All the above-mentioned laboratory experiments provided new insights into the role of specific processes involved in studies of both surface and subsurface flow and indicated the main lines to be followed for the improvement of their mathematical representation.
The main objective of this paper is to present a flexible laboratory system (Essig et al. ; Morbidelli et al. ) set up to strengthen the representation of the infiltration process by simulation models. A second objective is to provide an overall analysis of the main studies on infiltration earlier performed through the system. These studies concern the validation of a 
EXPERIMENTAL SYSTEM
The basic element of the laboratory system consists of a physical model (see Rainfall is artificially produced by a generator (see to about 50 mm h À1 . Before the beginning of each experiment the average value of rainfall rate is determined through a sheet-metal pan placed on the tank. It catches the rainfall over the soil surface that generates a water flow measured at the outlet. Moreover, the spatial distribution of rainfall rate is also checked in advance by a grid of pans placed over the sheet-metal. For each sprinkler, the rain rate spatial distribution is almost uniform.
Surface runoff and percolated water are measured by two tipping bucket sensors that provide continuous data of the flow collected by two triangular metal elements. Deep flow is collected at the downstream boundary of the core, while surface flow is collected at the outlet of the soil surface exposed to rainfall during the experiments (see Figure 1 ). As an example, Figure 1 shows the measurement system for deep flow placed at the outlet of the soil block, while that for surface water is located upstream.
The water content profile is monitored using the timedomain reflectometry (TDR) method (TRASE-BE, Soil
Moisture Equipment Corp., Goleta, CA, USA). Up to five buriable three-rod waveguides with wire-to-wire spacing of 1.25 cm and length 8 cm can be inserted horizontally at different depths (see Figure 1 ), taking care that the metal rods are in close contact with soil. Each probe provides measurements of soil moisture associated with the corresponding depth, but in any case the zone of influence is a small soil volume around itself. Some laboratory experiments were realized (see Table 1 ) to test the last model using different soil types was fixed. The structure of the simulation model relies upon the following ordinary differential equation:
where the subscript 0 denotes quantities at the soil surface, θ is the soil moisture content with initial value θ i , β denotes a shape factor for the dynamic wetting profile, q is the vertical water flux, K is the soil hydraulic conductivity, I 0 is the cumulative dynamic infiltration depth at time t, p is a quantity depending on the profile shape and linked with β, and G(θ i , θ 0 ) is the net capillary drive at the wetting front depending on the suction head and hydraulic conductivity.
In the derivation of Equation (1) (Appendix, available with the online version of this paper) the initial soil moisture content was considered invariant with depth, z, and the dynamic wetting profile was approximated by a distorted rectangle through the factor β ( 1). Then, a combination of the continuity equation with a depth-integrated form of the Darcy law was developed. This equation was also 
Infiltration by the run-on mechanism
The generation of Hortonian overland flow at a point starts from the time to ponding and continues as long as the rainfall intensity remains greater than the infiltration rate.
Owing to the spatial variability of soil hydraulic properties along the lateral walls. The trials were performed with γ ¼ 1 W , 5 W , and 10 W and r ¼ 10 mm h À1 and 15 mm h À1 . During each experiment the upper soil was exposed to a constant rainfall (duration 6 h) while the lower soil was covered by a waterproof sheet. For this investigation the soil moisture vertical profile was monitored in each soil. Two groups of similar experiments were realized, the first group with surface flow measurements performed at the tank outlet and the other with surface flow collected at the downstream end of the upper soil.
Through a mass balance it was deduced that disregarding the run-on mechanism, the surface runoff could be considerably overestimated. Furthermore, the effect of run-on increased with the increase of rainfall rate, because the latter led to a greater quantity of surface water available for infiltration into the downstream soil. A very similar effect was observed with the increase of the slope angle. Figure 4 () carried out further trials addressed at highlighting the influence (if any) of the downstream wall of the tank on the results earlier obtained and to extend the analysis to rainfall with r/K s < 1. In this context the trials were performed using the physical model in the configuration indicated in Figure 1 .
Four different soils were selected for the experiments. The first soil consisted mostly of silt and clay, the second was primarily sand and silt, the third was a sandy loam, and the other was a loam. In each soil a substantial reduction of infiltration with increasing γ from 1 W to 10 W was observed on the basis of the deep flow data, Q d . For example, under steady conditions, in the loam soil the ratio of Q
was equal to about 2.5 and that of Q
was approximately equal to 4. These results were 
